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The  distinction  between  the  refraction  of  the  I 
eye  in  a  state  of  activity  from  the  force  of  the 
ciliary  muscle,  and  that  observed  while  this  organ 
is  at  rest,  has  been  drawn  by  Bonders  and  other 
authorities.  The  object  of  this  paper  is  to  esti¬ 
mate  this  difference,  as  an  equivalent,  by  the  in¬ 
dex  of  refraction. 

All  know  that  one  of  the  essentials  to  perfect 
vision  is  the  presence  of  refraction,  both  in  active 
and  passive  sight ;  but  how  much  refraction  is 
due  to  the  passive  (from  simple  capacity )  condi¬ 
tion,  and  what  proportion  to  the  active  state  of 
the  ciliary  muscle,  is  a  subject  as  important  as  it 
is  interesting.  The  purpose  is  to  treat  this  capa¬ 
city  and  this  force  as  distinct  factors  in  vision. 

For  refraction  in  a  state  of  rest  the  symbol  Re 
will  be  employed,  in  order  to  distinguish  it  from 
small  “r”,  or  “punctum  remotum”,  or  infinity, 
or  GO. 

For  that  refraction  which  is  the  result  of  the 
action  of  the  ciliary  muscle  applied  upon  the 
crystalline  lens,  the  symbol  C  will  be  used, 
meaning  Len-cil-tasis ;  from  Lentis,  lens;  cilia, 
hairs,  (the  ciliary  muscle  being  named  from  its 
ciliated  feature),  and  tasis,  tension :  By 
which  is  understood  the  force  of  the  ciliary  muscle 
applied  upon  the  lens  in  vision.  The  symbols 
denoting  "accommodation"  "  A”,  and  "astigmatism” 
“A”,  are  thus  avoided,  as  well  as  the  confusion 
from  their  use. 

The  hypothesis  is  that  visual  power — V  P,  or  V— 
Re  -|-  C  ;  and  hence  Re  =  V  P —  C  ;  or  C  =  V  P — 
Re. 

The  influence  of  Re  is  due  to  refraction  of  the 
humors,  the  lens  and  cornea  when  the  eye  is  at 
rest.  Through  Re  parallel  rays  of  light,  or  those 
from  infinity,  and  incident  upon  the  cornea  are 
brought  to  a  focus  upon  the  layer  of  rods  and 
cones  of  the  retina.  Practically,  five  metres, 
or  500  centimetres  (cm.),  or  5000  millimetres, 
(mm.),  or  200//  inches  ( " )  will  be  the  equivalent 
for  infinity,  (00 )•  The  metrical  system  and  the 
English  inch  will  be  employed  in  the  calcula¬ 
tions. 

By  the  metrical  system  is  understood  a  unit  of 
linear  measure  of  one  (1)  metre,  which  is  equal 
to  IOO  centimetres  (cm.)  or  1000  mi!limetres(min.) 
or  40"  english  inches,  (//).  This  unit  is  divided 
into  20  parts  each  of  which  is  a  “dioptry”  or  “di¬ 
optric”  ;  symbol  D.  Thus  : 
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Dioptrics  are  converted  into  English  inches, 
by  dividing  one  (1)  metre  or  40"  inches,  by  the 
number  of  the  dioptry.  Thus  D  —  2.0  =  — 

20//  inches. 

With  a  metrical  measure  the  ametropia  is 
readily  estimated.  Thus  if  the  focal  distance  of 
the  glass  required  is  50  cm.,  then  as  2\  cm.  is 
equal  to  o«ie  English  inch  —  =  20"  inches. 

The  focal  distance  can  also  be  determined  by 
dividing  100  cm.  or  1  metre,  by  the  number  of 
cm.  found  denoting  the  focal  distance  of  the  glass 
required,  which  will  convert  the  cm.  into  di¬ 
optrics,  and  if  40"  or  one  (1)  metre  be  divided 
by  the  number  of  dioptrics  found,  the  quotient 
will  be  the  focal  distance  of  the  glass  required 
in  English  inches.  This  system  has  its  advan¬ 
tages  and  is  adopted  by  many  ophthalmo¬ 
logists. 

Forty  inches  is  however  a  fraction  more  than 
one  (1)  metre,  the  latter  being  39.371-)-  English 
inches.  Practically  the  former  quantity  is  re¬ 
garded  as  accurate. 


These  explanations  seem  necessary  for  the  gen¬ 
eral  medical  reader,  as  are  the  following  illustra¬ 
tions  important  in  relation  to  this  subject. 

Fig.  1,  represents  Helmholtz  diagrammatic  eye  ; 
Fig.  2,  the  posterior  focus  for  rays  of  light  parallel 

in  the  air,  and  Fig.  3,  the  anterior  focus  for  rays 
parallel  in  the  vitreous  humor. 


fig.  1. 
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fig.  3. 


Let  “a”,  Fig.  1,  be  the  anterior  focal  point; 
“p”>  the  posterior  focal  point  ;  “h”,  the  principal 
point ;  “a  h”  ='F/,  the  anterior  focal  distance  of 
the  eye  ==  15.4983  mm.  ;  “  h  p”  =  F//,  the  pos¬ 
terior  focal  distance  —  20.7135  mm.;  “n”  the 
index  of  refraction  of  the  eye  =  1.3365  -(-  ;  “k” 
the  nodal  point;  “h  k”  =r  “r”  the  radius  of  cur¬ 
vature  of  the  cornea  =  5-2,52  min-i  °f  the  dia¬ 
grammatic  eye. 

These  are  the  measurements  of  Heyl,  who  is 
supported  in  his  estimates  by  Stammehaus  and 
Reich  (see  p.  91,  vol.  viii,  Arch.  Ophth). 

It  is  evident  that  rays  of  light  emanating  from 
an  infinite  distance,  or  from  5000  mm.  from  “k” 
Fig.  1,  will  be  parallel  to  the  axis  “a  p”,  and  be 
brought  to  a  focus  at  “p”  5  and  as  the  index  of  re¬ 
fraction  for  the  eye  is  13365,  such  a  degree  of  re¬ 
fraction  i$  sufficient  to  induce  the  focus  at  “p”» 
of  rays  from  5000  mm.  distance;  it  follows  that 
a  co-efficient  of  refraction  of  1.3365  is  equivalent 
to  5000  mm.  As  this  is  the  result  aliogether  of 
refraction,  or  Re,  it  ensues  that  5000  mm.  is 
equal  to  Re. 

In  vision  of  objects  5000  mm.  from  “k,”  the 
ciliary  muscle  is  at  rest,  and  hence  Re  unaided  is 
sufficient  to  focus  parallel  rays  at  ‘  k.”  But 
within  this  distance  C  begins  to  act.  The  5000 
mm.  is  equal  to  dioptrics  0.00.  Hence  C  at  5000 
mm.  is  =  D  0.00,  or  at  that  distance  there  is  no  C 
exercised  in  the  emmetropic  eye. 

The  following  results : 

Proposition  1st,  Em  Re  =  D.  0.00  =  1.3365. 
Proposition  2d,  Em  C  =  D.  0.00  =  0.000. 

Re  remains  D  0.00  up  to  fifty  years,  when  it 
begins  to  decline,  until  at  eighty  years,  it  is 
reduced  =  D  2.5  (negative).  That  is  the  far 
point  is  no  longer  at  D  0.00  (200//)  in  front  of 
“k,”  but  lies  theoretically — D  2.5,  or  i6//  pos¬ 
terior  to  that  point  (k).  The  posterior  focal 
distance  for  rays  convergent  in  front  of  the  cornea 
is  located  at  the  point  where  such  rays  decussate 
posteriorly,  and  is  the  “ punctum  proximum ”  in 
the  case.  This  is  illustrated  by  Fig.  4,  in  which 
a  a.'  represent  converging  rays  of  light,  “a”  pro¬ 
longed  in  “r,”  and  a'  in  “r,”  at  which  point 
“r”  is  “p>”  the  “ punctum  proximum .” 


FIG.  4. 


Such  an  eye  cannot  command  parallel,  much 
less  divergent  rays  of  light,  when  at  rest. 

The — D  2.5,  above  cited  is  due  to  refractive 
hypermetropin  and  not  to  shortening  of  the 
visual  axis.  In  this  case  the  diminution  of  Re  is 
equal  to  D  o  00  -f  D  2. 5,  or  is=to  a  -f  ^ens  °f 


16"  focal  distance  (D2.5  =  16").  What  is  Re 
=  — D  2.5  in  terms  of  refraction  ?  This  may  be 
estimated,  as  for  axial  hypermetropia  and  in  the 
same  manner  as  if  the  visual  axis  were  shortened. 

The  formula  deduced  from  Schwigger  (Hand¬ 
book  of  Ophthalmology,  p.  103)  will  be  em¬ 
ployed:  viz.  :p  =-p--|- i;  in  which  i  =  the 
conjugate  focal  distance  sought ;  y  =  the  pos¬ 
terior  focal  distance  of  the  diagrammatic  eye  = 
20>7I35  mm-  »  11  =  the  index  of  refraction  of  the 
emmetropic  eye  =  1.3365;  and  o  =  the  dis¬ 
tance  of  the  object  from  the  nodal  point,  k, 
or,  in  this  case,  400 — 5.2152  =  394,7848  mm. 
from  p.  (Fig.  1).  Substituting  =  5-^  + 

394.7848*  1.3365  =  mm.,  which  is  the  pOS- 

terior  focal  distance  of  such  an  eye.  The  index 
of  refraction  in  the  case  will  be  I:1'1.1'*1!,1  =  1.2860. 

10.498 0 

Then  Re  =  —  D  2.5  is  equal  to  1.2860.  At  fifty 
years  of  age  the  index  of  refraction,  the  Re,  of  the 
eye  is  1.3365,  while  at  eighty  years,  it  has  dimin¬ 
ished  to  1.2860,  a  reduction  of  Re  =  1.3365  — 
1.2860  =  0.0505,  hence  the  following: 

Proposition  3,  H.  R.  =  —  D  2.5  =  1.2860. 

Proposition  4,  In  H.  =  —  D  2.5,  Re  is  defec¬ 
tive  0.0505. 

Axial  Hypermetropia. 

In  this  form  of  H,  the  ametropia  is  due  to 
shortening  of  the  visual  axis  of  the  eye.  The  re¬ 
lation  between  the  axis  and  Re  is  destroyed,  and 
both  are  diminished.  Hence  the  degree  of  II 
may  be  estimated  from  the  shortening  of  this 
axis,  and  the  curtailed  visual  axis  will  be  the  pos¬ 
terior  focal  distance. 

The  formula  employed  in  the  calculation,  will 
be  that  above  given,  viz :  ^  y,  and  the 

problem  is,  what  is  the  Re  in  a  11  =  D  20.0,  or 
in  a  H  of  J?  Here  let  =  the  conjugate  focus 
sought ;  4-,  =  the  posterior  focal  distance  of  the 
emmetropic  eye  =  20.7135  mm. ;  n.  =  the  index 
of  refraction  =  1.3365,  o,  =  the  distance  of  the 
object  from  “k,”  (Fig.  1)  or  from  “h,”  =50  — 
5,21521  44.7848  mm.  substituting,  ~  =  juJur,  + 

M.7»4te  1.3365  ~  I5-3882  mm.,  the  posterior  focal 
distance  in  the  case.  The  index  of  refraction  = 
fYrSfi  =  0.9928 ;  which  is  a  reduction  of  Re  = 
‘•3365  —  o. 9928  =03437;  Hence, 

Proposition  5,  II.  Re  =  D  20.0  =0.9928. 

Proposition  6,  In  H.  =  U  20.0,  Re  is  defec¬ 
tive,  0.3437. 

Axial  Myopia. 

In  this  form  of  ametropia  the  visual  axis  is  in¬ 
creased  and  the  retina,  now  receded  from  the  em¬ 
metropic  position,  20.7135  mm.  from  “h,”  (Fig.  5), 
the  rays  of  light  decussate  at  f  (Fig.  5),  and  are 
spread  upon  the  retina,  at  “p”  in  circles  of  dif¬ 
fusion.  This  may  be  bei'er  understood  by  refer¬ 
ence  to  Fig.  5,  in  which  b  1/,  represent  parallel 
rays  of  light  incident  upon  the  c  >rnea.  From  the 
relative  excess  of  the  relraction  of  such  an  eye, 
the  rays  b  b'  are  brought  to  a  focus  at  “f”  and 
pass  posteriorly  to  the  retina  at  “p’\ 
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FIG.  5. 


The  ametropia  is  here  determined  by  estimating 
the  posterior  focal  distance  or  the  length  of  the 
visual  axis.  The  formula  employed  will  be  that 
given  by  Schwigger  (Handbook  Ophth.,  p.  103), 

viz :  i  =  ^ - — ,  in  which  =  the  length  of 

the  visual  axis  desired  ;  ~r,  =  the  posterior  focal 
distance  of  the  diagrammatic  eye  =20.7135  mm.; 
“n”,  the  index  of  refraction  =  1.3365  ;  and  “o” 
the  distance  of  the  object  from  k  —  (h.  k.)  = 
50 —  5.2152  =  44.7848  mm.  Substituting,  -1  = 


“  44.7*48X1.3365  =  31-675°  which  is 

the  posterior  focal  distance  for  20  D.  The  index 
of  Re  will  be  found  by  dividing  the  posterior  fo¬ 
cal  distance  found,  by  the  normal  anterior  focal 
distance,  or  =  2.0437. 

The  excess  of  Re  in  this  case  is  =  2.0437  — 
1.3365=0.7072:  hence 

Proposition  7,  M.  Re  =  D  20.0  =  2.0437. 

Proposition  8,  In  M.  =  D  20.0,  Re  is  in  excess, 
0,7072. 

Thus  far  the  eye  has  been  considered  in  a  state 
of  rest.  It  remains  to  estimate  what  is  the  equiva¬ 
lent  in  refraction,  denoting  the  force  of  the  cili¬ 
ary  muscle  in  the  range  of  vision,  or  what  is  the 
Lenciltasis  or  C. 


Since  it  was  found  that  C  begins  within  5000 
mm.  from  “k”  (Fig.  1)  the  range  of  Lenciltasis 
extends  from  that  point  (5000  mm.)  towards  the 
eye,  and  experiment  and  observation  have  shown 
that  the  average  near  point  is  about  70  mm.  from 
“h”,  (Fig.  i)or  7  cm.  or  2.8//.  The  range  of 
Lenciltasis  (C)  is  equal  to  D  14.0  —  D  0.0  =  D 
14.0.  What  is  the  index  of  refraction  equivalent 
to  D  14.0  ?  One  of  the  steps  necessary  in  deter¬ 
mining  this  is  to  estimate  the  range  of  Lenciltasis 
C,  by  the  well-known  formula  of  Donders,  viz : 
i  =  *  —  i,  “p”  and  “r”  being  calculated  from 
the  nodal  point,  “k”,  7  mm.  behind  “h”,  as  de¬ 
termined  by  that  authority,  (see  p.  79,  Anom., 
Acc.  and  Refrac.)  for  the  reduced  diagrammatic 
eye.  Then  “p”  =  D  14.0 or  70  -|-  7=77  mm.,  and 
“r”  =  5000  -f-  7  =  50007  mm.  Substituting  i 

—  7jy  —  3tniT  —  =  range  C.  As 

Donders  estimates  the  refraction  induced  by  the 
increased  curvature  of  the  crystalline  lens,  or  C, 
at  ninth-tenths  (T9^),  the  last  quantity  found 
should  be  X  °>9>  which  will  give  the  focal  dis¬ 
tance  of  the  auxiliary  lens  required  in  the  case. 
Then  tBHv  X  A  =  tfVtr-  or  a  +  lens  of  84.6  mm. 
about  3.3"inches  principal  focal  distance.  What 
is  the  equivalent  of  this  lens  in  refraction,  or  in 
C  ?  In  estimating  this  it  must  be  remembered 
that  an  object  situated  at  84. 6  mm.  from  the  cornea 
would  subtend  divergent  rays  of  light,  which  would 
focus  behind  the  retina  did  not  the  lens  become 


more  convex  through  C  and  cast  the  focus  upon 
the  retina  in  its  normal  position.  It  is  evident 
that  this  theoretical  negative  position  of  the  focal 
point  behind  the  retina  (which  would  be  the  pos¬ 
terior  focal  point  were  Re  alone  exercised  and  C 
not  employed)  bears  the  same  relation  to  the  posi¬ 
tion  of  the  normal  retina,  as  does  the  position  of 
the  normal  retina  to  the  shortened  visual  axis,  or 
the  advancement  of  the  posterior  focal  point,  in 
axial  hypermetropia.  Hence  the  formula  for  de¬ 
termining  the  shortening  of  the  visual  axis  in  H, 
will  give  the  solution  in  this  case,  viz :  ~  =  ~  -f- 

,  in  which  p  =  the  posterior  focal  distance 
sought »  p-  =  posterior  focal  distance  of  the  dia¬ 
grammatic  eye  =  20.7135  mm.  ;  “n”,  =  the  in¬ 
dex  of  refraction  of  the  normal  eye  =  1.3365  and 
and  “o”,  the  distance  of  the  object  k  —  (h  k) 
(Fig.  1)  =  84.6  —  5  2152  =  79.3848  mm.  Sub¬ 
stituting,  ~  =  ^  =  *7-3301 

mm.,  which  would  be  the  posterior  focal  distance 
for  parallel  rays  for  the  hypermetropic  eye.  This 
quantity  divided  by  the  anterior  focal  distance, 
will  give  the  index  of  refraction  equivalent  to 
the  auxiliary  -f-  lens  of  84.6  mm.  focal  distance, 
viz:  ^||^=i.ii8i,  which  is  equivalent,  as 
an  index,  to  the  cilia ry- muscle-Jorce,  the  C,  ex¬ 
ercised  when  the  object  is  situated  at  84.6  mm. 
from  k  (Fig.  1). 

Visual  power  will  equal  the  Em  Re  -j-  this 
quantity,  or  1.3365  -f-  1.1181  =  2.4546,  for  Re 
-j-  C  =  D  14.0;  hence 

Proposition  9,  Em  C.  =  D  14.0  =  1.1181. 

Proposition  10,  Em  C.  -j-  Re=  14.0  —  2.4546. 

Hypermetropic  Lenciltasis. 

What  is  the  C,  in  a  hypermetropia  =  D  20.0? 

In  this  case  the  near  point  would  be,  were  it 
possible,  50.  mm.,  behind  the  nodal  point  k. 
The  punctum  remotum  .r,  lies  still  further  back 
of  the  eye.  It  has  been  seen  that  the  index  of 
refraction  for  a  hypermetropia  =  26.0  D,  is 
0.9928,  and  that  in  this  degree  of  H,  there  is  a 
defect  of  Re  =  0.3437.  The  total  Em  C  = 
1.1181.  Hence  in  a  II  =  D  20.0,  theC  -)-  Re,  or 
1.1181  -f  0.9928  =  2. 1109.  This  defect,  0.3437, 
is,  0.3437  more  C  than  the  ciliary  muscle  can  ex¬ 
exercise.  But  to  compensate  for  this  defect  the 
ciliary  muscle  must  exercise  a  force  =  1.1181  -f 
•3437>  =  1-4618,  which  is  0.3437  more  C  than  it 
is  capable  of  exercising.  The  V  P  is  defective 
because  Re  is  reduced  to  0.9928  index,  hence  : 

Proposition  11,  H  C  =  D  20.0=  1.1181. 

Proposition  12,  HC-f  Rt=  20.0  D.  =2.1 109. 

Proposition  13,  In  H  =  D  20  o,  V  P  is  defec¬ 
tive  in  Re  =  0.3437. 

Myopic  Lenciltasis. 

What  is  the  equivalent  of  C  in  a  myopia  =  D 
20.0,  the  near  point  being  50  mm.  from  the  no¬ 
dal  point  k?  It  was  found  that  in  a  myopia  of 
this  degree  that  Re  was  equivalent  to  2.0437, 
and  Em  C,  to  1.1181.  Re  is  in  excess  in  the 
case  =  2.0437  — 1.1181  =0.9256.  As  the  2.0437, 
includes  the  1.3365  of  emmetropic  Re  when  the 
eye  is  at  rest,  then  if  the  near  point  be  at  50  mm, 
from  k,  the  sum  of  Re  -f  C  will  equal  3.0437  -f- 
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I.1181  =  3.1618,  if  C  be  all  exercised  in  a  M  — 
D  20.0.  Em  Re  -f-  C  being  equal  to  2.4546,  it 
results  in  a  myopia  of  this  degree,  that  there  is 
an  excess  of  Re  +  C  =  3.1618  —  2.4546  = 
0.7072.  As  this  quantity  cannot  be  taken  from 
the  Re,  it  must  be  deducted  from  the  C  in  the 
case,  or  1.1181  — 0.7072  =  0.4109  C  employed 
in  the  case,  Hence  : 

Proposition  14,  M  C  =  D  20.0  =  0.4109. 

Proposition  15,  M  C  -fRe=D  20.0  =  3. 1618. 

Proposition  16,  In  M  =  D  20.0,  C  is  in  excess, 
0.7072. 

Proposition  17,  M  Re  =  B  20.0  ==  2.0437. 

Conclusions. 

1st  Em  Re  =  D  20.0  =  1-3365 

2d  Em  C  =  D  20.0  =  -  -  -  1.1181 

3d  Em  Re  -f-  C  =  D  20.0  -  -  2.4546 


4th  H  Re  =  D  2.5  =  1.2860 

5th  H  Re  =  D  20  o  =  -  -  -  0.9928 

6th  H  C  =  D  20.0  =  -  •  -  1. 1 181 

7th  H  C  -f-  Re  =  D  20.0  =  -  -  2. 1 109 

8th  M  C  =  D  20.0  =  0.4109 

9th  M  Re  =  D  20.0  =  2.0437 

10th  M  Re  -F  C  =  B  20.0  =  -  -  3.1618 


The  appended  table  expresses  the  several  de¬ 
grees  of  hypermetropia  and  myopia,  the  anterior 
and  posterior  focal  distances  and  the  correspond¬ 
ing  indices  of  refraction  for  the  several  grades  of 
ametropia,  as  calculated  from  the  above  formula. 

An  example  illustrating  the  practical  applica¬ 
tion  of  this  method  will  be  given,  viz/  the  deter¬ 
mination  of  the  proper  test  types,  estimated  by 
Stammehaus  and  lleyl  constants,  as  well  as  to  de¬ 
cide  the  position  and  influence  of  the  correcting 
lens  in  a  case  of  hypermetropia  =  20  dioptrics. 

Fig.  6  is  necessary. 


FIG.  6 — LENS. 


The  test  types  of  Snellen,  estimated  by  the 
measurements  given  by  Bonders  for  the  diagram¬ 
matic  eye,  for  5000  mm.  from  k  are,  7,3359  mm. 
in  height.  The  height  of  the  image  at  S"  is 
.0218  mm.  in  this  calculation. 

With  the  measurements  as  given  by  Heyl  the 
types  for  the  same  distance  are  smaller,  being 
7.0330  mm.  or  7-3359  —  7-0330  =  .3029  mm. 
less,  which  is  a  difference  too  great  to  be  ignored. 

These  results  are  produced  from  the  formula, 
viz :  k  S"  :  S//  :  :  k  6  :  a  b,  (see  fig.  6)  substi¬ 
tuting  Heyl’s  constants,  15  4983  :  .0218  :  :  5000  : 
7.0330  :  or  with  Bonders’  constants  14.8583  : 
.0218  :  :  5000  :  7-3359  ram. 

In  considering  the  case  of  hypermetropia  of  20 
dioptrics,  the  following  is  assumed  : 

See  fig.  6,  h  k,  from  cornea  to  nodal  point  = 
5.2152  mm ; 

h  S''  cornea  to  retina  =  20.7135  mm. 
h  S'  cornea  to  anterior  focal  point  =  15  4983 
mm. 

h  S'  cornea  to  anterior  locus  =  13. 7451  mm. 
h  S"  cornea  to  posterior  locus  =  22.8236  mm- 
h  S"  posterior  axis  for  an  eye  with  20  dioptrics 

of  hypermetropia  =  15.3882  mm. 

The  -j-  correcting  lens  of  50  mm.  focal  dis¬ 
tance  from  Its  thickness  7.5  mm.,  its  aper¬ 

ture  (diameter)  36.5  mm.,  its  principal  points  hx 
h2,  at  I  mm.  from  the  anterior  and  posterior  sur¬ 
face,  and  its  position  5',  at  13.7451  from  k;  what 
then  will  be  the  posterior  locus,  or  the  distance 

S«  s»  p  tg  determine  this  we  deduct  the  place 
3  4 

of  the  lens,  from  50  mm.  the  power  (focus)  of  the 
-F  correcting  lens, and  adopt  the  following  formula: 
50 — 13.7451  =  36.2549  mm.  Hence: 


SSI1  -  10.8029  mm.  from  k,  or  .0.8029 
13.7451  =  24  5480  -f-  2. 1101  (the  emmetropic 
locus  of  the  normal  eye),  =  26.6581  mm.  from 
Now  13.7451  — 5  2152  (distance  from  h  to  k) 
=  8.5299  mna.  -j-  15.3882  mm.  (distance  from  h 
to  S"  =  23  9181  mm.,  and  26.6581  (5'  to  S" — 

23.9181  (5/  to  S")  =  2.7400  mm  =  the  posterior 
locus  S"  to  S",  in  the  case  =  5r  to  h->  of  the  lens. 

The  lens,  to  correct  the  ametropia  being  applied, 
as  above,  where  will  the  optical  centre  or  5  be 
found  within  the  eye.  The  distance  between,  h 
k,  must  be  divided  into  two  parts  proportional  to 
the  anterior  and  posterior  focal  distances,  or  S' 
15,4983  mm.,  and  S"  15.3882  mm.,  and  the  effect 
of  the  correcting  lens  must  cause  k  to  be  brought 
to  5.  Hence  15.4983 —  15.3882  =  .1101  mm., 
and  15.3882  X  -  HO*  =  1.69424082  -f-  (15.4983 
15.3882  =)  30.8865  —  .0548  mm.  behind  h  ■ 
or  15.3882  —  .0548  =  15  3334  mm  in  front  of  S" 
What  test  types  will  be  required  when  the 
image  at  S"  on  the  line  ar/  6//  will  .0218  mm. 
in  height.  Formula,  5  S"  (15.3334)  mm.  :  .0218 
:  :  5  6,  or  (5.2151  —  .0548  5.1604  from  5000) 

=  4994.8396  mm.  :  7.1013  mm.,  =  a  b  at  5000 
mm.  from  k,  when  the  correcting  lens  is  applied. 

Thus  to  produce  .0218  mm.  at  S"  the  types  must 
be,  at  5000  mm.  from  k,  7. 1013  mm.  in  height. 

The  types  for  this  distance  are  smaller  for  the 
emmetropic  eye,  estimated  by  the  constants  of 
Heyl,  ==  7. 1013  —  7*0330  =  .0683  mm.  less. 

This  difference  may  be  disregarded  considering 
the  distance  of  the  types  from  k.  If  however  the 
types  of  Snellen  be  compared  with  the  above, 
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there  is  a  marked  difference,  =  7.3359  (Snellen) 
—  7.033°  =  .3029  mm.  a  quantity  too  great  to 
be  ignored. 

With  the  correcting  lens  applied  to  the  eye 
as  above,  the  angle  under  which  S"  is  seen  is  4' 
51"  and  the  angle  under  which  S'7  is  viewed  is 
4' 48",  that  is  when  the  value  at  a"  6 "  and  a.'  (a 
is  =  .0218  mm.,  which  latter  quantity  produced 
or  would  be  seen  under,  with  Donders  constants, 
an  angle  of  5/. 

What  will  be  the  value  of  S"  when  a  b  test  type 
=  7.033°,  the  correcting  glass  applied,  and 
Heyl’s  constants  employed  ?  Formula:  4994.8396 
:  7.0330  :  :  15.3334  :  .0215  mm.,  which  latter 
is  a  smaller  image  than  is  necessary  to  be  able  to 
see  its  several  parts  under  an  angle  of  60".  To 
remedy  this  the  types  must  be  enlarged.  Under 
what  angle  will  such  an  image  be  seen.  Formula 

.0215x180^ —  ■  ,3-§7jO_  _  .080°  48". 

The  types  being  increased  to  7. 1013,  at  5000 
mm.  from  k,  the  image  will  become  .0218  mm.  at 
S",  and  the  angle  under  which  the  image  is  seen 
4'  51",  which  is  equivalent  to  an  angle  of  5',  un¬ 
der  the  constants  of  Donders. 

It  may  now  be  inquired  if  the  test  types  can  be 
estimated  from  the  refraction  of  the  eye  considered 
as  an  equivalent.  In  this  estimate  the  following 
course  is  adopted.  The  normal  refraction  1.3365 
is  the  basis  of  calculation.  This  quantity,  as  is 
well-known,  is  derived  from  the  relation  between 
the  anterior  and  posterior,  principal  focal  distan¬ 
ces  of  the  emmetropic  eye.  It  results  that,  if  we 
could  construct  an  eye  with  a  posterior  focus  of 
1,  the  anterior  focus  would  be  .3365  under  the 
proposition.  Hence  (see  Fig.  6)  as  li"  S'7  = 
(20.7135  mm.)  :  h"  S'  =  (15.4983  mm.)  :  : 
1.3365  :  1. 0000.  Since  then  1.  and  .3365  are 
proportional  and  express  the  relation  of  the 
sines  in  the  case,  it  can  be  formulated, 
from  what  has  been  shown  that,  15,4983  : 
1. 0000  :  :  .3365  :  .02171  mm.  ;  or  the  height 
of  the  image  at  S"  produced  from  an  ob¬ 
ject  .3365  mm.  at  S'.  Hence  the  rule  to 
find  the  value  of  S":  multiply  the  height  of 
the  object  at  S',  by  the  relative  refraction 
within  the  eye,  and  divide  the  product  by 
the  anterior  focal  distance  and  the  quotient  will 
be  the  height  of  the  image  at  S".  Thus  we  find 
the  sine  in  the  normal  eye  is,  by  this  calculation, 
.02171  mm.,  which  closely  agrees  with  .0218  mm., 
found  by  experiment,  as  the  sine  of  the  smallest 
angle,  under  which  the  several  parts  of  an  object 
can  be  seen  under  an  angle  of  60".  If,  .02171 
mm.  be  the  value  of  S"  what  will  be  the  altitude 
of  the  types  at  5000  from  S'  or  (5000 -(-  20.7135 
=)  5020.7135  from  k?  Formula:  15.4983: 
.02171  :  :  5000  :  7.0330  mm. ;  hence  this  estimate 
corresponds  with  that  of  the  emmetropic  types  as 
found  by  another  method  of  calculation  hereto¬ 
fore  given. 

Ametropia  may  be  estimated  in  the  same 
manner  by  the  rule  just  given.  Take  a 
case  of  hypermetropia  equal  to  20  diop¬ 
trics.  Here  (Fig.  6)  h  S"  =  15.3882  and 
h  S' =15.4983  mm.  The  refraction  in  such 
an  eye  is  but  .9928,  (see  appended  table)  and 
the  defect  of  refraction  is  .3437.  That  is  if 
the  refraction  in  the  air  were,  .9928,  the  relative 


refraction  within  the  eye  =  .3437.  Hence  ac¬ 
cording  to  the  above  rule  the  formula;  15.4983  : 
.9928  :  :  .3437  :  .02202  mm.,  which  latter  quantity 
is  the  value  (altitude  of  the  image)  at  S4  of  the 
case.  It  follows  as  15.4983  :  .02202  :  :  5020.7135 
7.8334  mm.,  the  types  required  at  5000  mm.  from 
SN  in  the  case.  If  now  the  refraction  be  aided 
by  the  application  to  the  eye  of  a  -j-  lens  of  50 
mm.  principal  focal  distance  with  its  5'  placed 
13  7451  mm.  from  k,  the  refraction  will  thus  be 
increased  from  .9928  to  1.3365,  or  by  the  refrac¬ 
tive  deficit  —  -3437  — .  and  the  image  will  thus 
be  decreased  at  S"  to  .0215,  k  will  become  5,  and 
the  types  at  5000  mm.  from  S'  will  be  7.0330  in 
altitude.  The  latter  are  not  large  enough,  and 
must  be  increased  to  enable  the  several  parts  of 
S''  in  the  case  to  be  seen  under  the  smallest  angle 
(60")  the  eye  is  capable  of  viewing  objects  dis¬ 
tinctly.  If  these  types  be  increased  to  7.1334 
mm.,  then  S"  will  become  .2171  omm.  and  be 
clearly  visible. 

Thus  while  we  have  been  aiming  to  see  objects 
under  an  angle  of  5',  in  theoretically  employing 
the  constants  of  Stammehaus  and  Heyl,  in  the 
simplified  diagrammatic  eye  of  Helmholtz,  it  is 
seen  that  the  angle  is  4'  48". 

It  is  further  observed  that  when  the  correcting 
lens  is  applied  and  the  image  at  the  retina  has  the 
same  size,  the  angle  in  the  ametropic,  does  not 
correspond  with  that  in  the  emmetropic  eye.  It 
would  seem  therefore  in  determining  the  size  of 
the  types  to  be  employed  in  estimating  and  cor¬ 
recting  ametropia,  these  should  be  based,  not  up¬ 
on  the  visual  angle  under  which  the  object  is 
seen,  but  upon  the  height  of  the  image  at  the 
retina  and  the  ametropic  refraction. 

It  will  also  be  noticed  that  under  the  new  con¬ 
stants,  the  types  will  be  smaller  that  those  of 
Snellen,  and  hence  those  of  that  authority,  must 
be  reduced  in  order  to  correspond  with  the  types 
dictated  by  the  new  constants.  This  is  in  har¬ 
mony  with  the  well  known  fact,  that  there  are 
persons  whose  visual  acuteness  is  greater  than  de¬ 
noted  by  the  types  of  Snellen. 

Finally  the  position  of  the  correcting  glass 
may  be  found  by  refraction  and  proportion. 
Since  the  focal  distance  of  such  a  glass  must 
be  equal  to  the  distance  from  the  object 
(Fig.  6)  o  to  k,  -f-  the  distance  from  5  to 
fi2  of  the  lens,  equal  in  this  case  (hyperme¬ 
tropia  =  20.  dioptrics)  50  -}-  2.7500  (the  pos¬ 
terior  locus)  =  52.7500  mm.,  the  proportion 
of  its  radius,  or  focal  power  employed,  in  cor¬ 
recting  the  ametropia,  may  be  estimated  from  the 
defect  of  refraction  in  the  case ;  viz :  .3437. 
Hence  the  formula:  1.3365:  .3437::  52.7500: 
i3-5^54  mm.,  which  latter  quantity  equals  the 
distance  from  k  to  5'  of  the  lens.  This  closely 
corresponds  with  this  distance  found  by  another 
calculation  or  13.7451  mm.  The  difference  be¬ 
tween  the  two  quantities  being  but  .1797,  it  is 
probable,  were  all  the  calculations  made  with  a 
greater  number  of  decimals,  these  distances  would 
be  still  nearer  alike,  practically  they  may  be  as¬ 
sumed  as  equal,  differing  but  .1796  of  a  mm. 

In  the  appended  table  will  be  found  the  Diop¬ 
trics  employed  in  determining  ametropia,  with 
their  value  jn  the  metrical  system  and  in  English 
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inches  ;  also  the  anterior  and  posteiior  focal  dis¬ 
tances  of  the  eye  in  the  normal  state  and  in  the 
several  grades  of  ametropia,  as  well  as  the 


normal  and  abnormal  indices  of  refraction  ot 
the  eye. 

Zanesville,  Ohio,  May  22d,  1882. 
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